Introduction
Habitats with particular edaphic conditions such as metalliferous, serpentine or salt sites usually require special morphological, anatomical, and physiological adaptations of colonizing plants. Therefore, they often present specialized flora and vegetation and belong to the ecologically most interesting habitat types of Central Europe.
The vegetation of metalliferous soil sites is legally protected by European law (European Habitats Directive 92/43/EEC, Appendix I, habitat type 6130), national laws (e.g. in Germany by the Federal Nature Conservation Act, BNatSchG, § 30) and several federal state laws.
During the last decades the scientific focus has been on eco-physiological adaptations of metallophytes (for an overwiew see Baker et al., 2010) , their community context and syntaxonomical evaluation (e. g. Libbert, 1930; Schwickerath, 1931; Koch, 1932; Schubert, 1953/54; Ernst, 1965 Ernst, , 1966 Ernst, , 1968 Ernst, , 1974 Koch & Kuhn, 1989; Daniëls & Geringhoff, 1994; Pott & Hellwig, 2007) , bio-geographical aspects (e. g. Schulz, 1912; Wein, 1926; Heimans, 1936; Schubert 1954a; Ernst, 1974) , and their taxonomical status. Since the basic work of Schulz (1912) metallicolous ecotypes of vascular plants have received special attention in numerous publications, and several (endemic) taxa of dubious value have been described. Modern molecular methods (isozymes, DNA fingerprint and sequence analyses) allowed new insights into genetic differentiation of metallicolous populations, micro-evolutionary processes and the taxonomical treatment of several metallophyte taxa. Some scientific studies dealing with genetic differentiation of the character species of metallicolous vegetation (e. g. Minuartia verna, Silene vulgaris, Armeria maritima, Viola calaminaria, Cardaminopsis halleri, Thlaspi caerulescens) have shown that the taxonomic rank of some of them should be reconsidered. From this and due to new studies on vegetation composition syntaxonomical changes seem also to be necessary. Remarkable problems for the definition of habitat types may arise from this because the perception of the conservation authorities is focussed on the few character species of metalliferous vegetation.
In the first part of this chapter I will focus on this problem and discuss possible consequences for the conservation of metalliferous sites. In the second part of the chapter I will review the current situation of metalliferous sites and their vegetation in the former www.intechopen.com
Perspectives on Nature Conservation -Patterns, Pressures and Prospects 94 copper-shale mining region of Mansfeld and Sangerhausen (the eastern Harz Mountains foothills region, Saxony-Anhalt, Central Germany). Despite the legal protection and several conservation efforts, the number of metalliferous soil sites with their unique flora has decreased in several regions substantially. Therefore, I want to encourage a supra-regional conservation strategy for Central European metalliferous sites. 
Types of metalliferous soil sites and their distribution in Central Europe
Natural (primary) metalliferous soil sites are relatively rare in Central Europe and confined to the range of the Alps and to only few, small-area localities with particular geological and edaphic conditions in the lowlands (Ellenberg, 1996) . Most of the recent metalliferous sites are secondary habitats shaped by ore mining and processing. They are concentrated in some mid-mountain ranges and their forelands in Germany (Saxony-Anhalt and Lower Saxony: Harz Mountains and foothills, North Rhine-Westphalia), and parts of Poland (Legnica, Olkusz), the Czech Republic (Pyšek & Stočes, 1978; Pyšek & Pyšek, 1988 , 1989 , Slovakia (Banasova, 1980) , and Belgium (Simon, 1975; Dejonghe et al., 1993; Graitson et al., 2003) . Tertiary sites can be subdivided into those whose genesis is a result of atmospheric deposition in the vicinity of metal smelters Ernst et al., 2004) or alluvial deposition of metal-enriched substrates by sedimentation in river floodplains and on raised river banks. Well-known examples of this are the sites along the rivers downstream the mines and smelters with their ore crushing facilities in the Harz Mountains (Hellwig, 2002; Knolle, 1989) , the Erzgebirge Mountains (Golde, 2011) and the Geul River
The Spring sandwort (Leadwort), Minuartia verna (L.) HIERN (Caryophyllaceae), is a perennial, low-growing cushion-forming species (Fig. 2) . It is one of the typical pioneer plants of metalliferous sites in the Central European lowlands and on the British Isles (Garcia-Gonzalez & Clark, 1989) . It has a circumpolar distribution and occurs in the arctic regions and in Asian and European high mountains (Meusel et al., 1965) , in the Alps particularly on calcareous soils. The subspecies M. verna ssp. hercynica (WILLK.) O. SCHWARZ has recently been confined to metalliferous soils in the lowland and therefore has a disjunctive range. The Harz Mountains, the east Harz foothills in central Germany as well as the Aachen-Stolberg region in western Germany represent the main areas of distribution today (Benkert et al., 1996; Haeupler & Schönfelder, 1988) . Further small-area occurrences are confined to northern Thuringia (Bottendorf Hills), Weserbergland (Blankenrode), the region of Osnabrück (Hasbergen), and eastern Belgium (Liège region). On non-metalliferous sites it is confined to parts of the Franconia Jura mountains (ssp. verna; Haeupler & Schönfelder, 1988) . The occurrence of M. verna on anthropogenic metalliferous sites in the Harz Mountains was first recorded by Thal (1588) . This is probably the first recognition of a plant species growing on anthropogenic sites in the scientific literature. Even though the mechanisms of metal-tolerance are not yet completely known, M. verna apparently realizes a reduced root uptake and an excreting mechanism of metals through leaf hydathodes (Neumann et al., 1997) .
M. verna is confined to open plain sites on raw soils with only a thin cover of fine grained substrate. The dead cushions decompose very slowly and facilitate the initial humus of the raw soils (Schubert, 1953/54) . In later successive stages M. verna is replaced due to its low shadow tolerance which disables survival in dense grassland vegetation. Minuartia verna is one of the central European character species of metalliferous soil sites that has been considered as glacial relic and therefore paleo-endemics (Schulz, 1912; Schubert, 1954a; Heimans, 1961; Ernst, 1974) . Due to the large morphological variation within the Minuartia verna-complex several of the described subspecies and varieties (e. g. Graebner, 1919 , Hayek, 1922 Mattfeld, 1922; Halliday, 1964) can only be delineated bio-geographically or edaphically. The necessity of a critical revision of the Minuartia verna-complex has already been postulated by Ernst (1974) , nevertheless this revision still is lacking.
Molecular data obtained in the only DNA-study (Baumbach, 2005) undertaken support the paleao-endemism hypothesis of the metallicolous lowland forms of M. verna which are clearly separated from the alpine taxon (ssp. gerardii). One hundred and three individuals from eight metallicolous lowland populations and three non-metallicolous alpine populations have been analysed using AFLP (amplified fragment length polymorphism). Five primer combinations have been used to generate 199 polymorphic loci. Genetic variability within Minuartia verna-populations was lower (14 % average heterozygosity; 37 % polymorphic loci) than in metallicolous populations of Silene vulgaris (see below) and Armeria maritima (Baumbach & Hellwig, 2007) . Within non-metallicolous populations, genetic variability was clearly and significantly higher than within metallicolous populations. Geographical and genetic distances were highly positively correlated (r=0.81; p<0.001). AMOVA revealed a stronger genetic differentiation of the metallicolous populations than of the non-metallicolous populations. Genetic variation within lowland populations was remarkably lower (52 %) than within the alpine populations (86 %). At least some ancestral populations obviously preserved at primary metalliferous sites from the www.intechopen.com Metallophytes and Metallicolous Vegetation: Evolutionary Aspects, Taxonomic Changes and Conservational Status in Central Europe 97 post-glacial until the beginning of ore mining. Furthermore, high genetic differentiation among the metallicolous lowland groups, the low genetic variability within populations and the comparably high ITS variation indicate a long-term isolated evolution within the different regions. This should be kept in mind when maintaining an aggregation of all metallicolous lowland forms to a widely considered ssp. hercynica in terms of Schwarz (1949) and Schubert (1954a) . Results of an ongoing AFLP-and ITS-study (Baumbach, in prep.) including 30 M. verna-populations from 12 geographical regions from central Europe will illuminate further aspects.
Another character species of metalliferous soils is the Bladder Campion, Silene vulgaris (MOENCH) GARCKE (Caryophyllaceae). It was reported from nearly all abandoned ore mining sites in Central Europe (compare Ernst, 1974; Pardey, 1999a; Baumbach, 2000; Golde, 2001; and others) where it usually initiates the succession of vascular plant communities, especially on steep slops of spoil-heaps. The morphologically differentiated form growing on mining and smelter heaps was first mentioned by Schulz (1912) who considered it as belonging to the var. angustifolia Garcke. It was formally recognised as var. humilis by Schubert (1954a) . The main motivation for the separation from the var. angustifolia was the restriction of the var. humilis to metalliferous heaps. Morphologically it was chiefly characterised by a dwarfed, prostrate growth, smaller and narrower leaves, fewer flowers per shoot, and smaller seeds than the normal variety. However, Schubert (1954a) mentioned the large variation of the morphological features found alone in one heap population. Nevertheless, Rothmaler (1963) elevated the status of the var. humilis to a subspecies humilis. Physiologically plants of the "humilis" type were assumed to show higher metal-tolerance (Schubert, 1954a) . In contrast, Bröker (1963) and Gries (1966) demonstrated that morphological features and metal-tolerance are not associated in Silene vulgaris. This result is consistent with a physiological study (Wierzbicka & Panufnik, 1998) which showed that the humilis-form is mainly a morphological response to water stress and nutrient deficiency often occurring on the exposed and coarse-grained mining dumps, but not due to the metalliferous soil conditions themselves. Several recent and previous papers have illuminated particular physiological aspects of the metal-tolerance (for discussion see Baumbach, 2005) . Schat et al. (1993) proposed a general model for the genetic control of copper tolerance in Silene vulgaris. More important, crossing experiments by Schat et al. (1996) have shown that tolerance loci for zinc, copper, and cadmium in plants of an Irish population from a metalliferous site were identical with those in several German populations from metalliferous sites. They argued that the occurrence of common major genes for tolerance among different geographically isolated populations must have resulted from independent parallel evolution in local non-tolerant ancestral populations. Furthermore Schat & Vooijs (1997) examined the co-segregation of tolerances to Cu, Zn, Ni, Co, and Cd in crosses between distinctly tolerant ecotypes. The results demonstrated a nonpleiotropic genetic control of tolerance to Cu, Zn, and Cd while tolerance to Ni and Co seems to represent the pleiotropic by-product of the tolerance allele of one particular locus for zinc tolerance. As these studies show, there is no all-embracing metal tolerance, rather a population-specific response to the site-specific soil factors. A study using AFLP (Baumbach, 2005) compared the genetic differentiation of Silene vulgaris-populations from different regions in eastern Belgium and Germany. One hundred forty individuals out of five pairs of populations (one metallicolous and one non-metallicolous in the surroundings each) and four additional single populations have been sampled. One hundred thirty-four polymorphic and reproducible loci, generated with three primer combinations, have been used. Detected genetic variability within Silene vulgaris-populations was comparatively high (20 % average heterozygosity, 64 % polymorphic loci). There was no significant difference in parameters of genetic variability between metallicolous and non-metallicolous populations. An analysis of molecular variance (AMOVA) resulted in a comparatively low genetic differentiation of the populations (Φ ST =0.25). Correspondingly, (hypothetical) gene flow between populations is high (N e m=0.74). Genetic variation within populations (more than 70 %) exceeds variation among them. AMOVA reveals geographical partition of genetic variance while grouping into metallicolous vs. non-metallicolous populations was not supported by the data. The clear geographical grouping of population pairs (metalliferous and normal soil populations each) supports the hypothesis of polytopic and reiterate colonization events of metalliferous sites by tolerant ecotypes from neighbouring populations on normal soils. In conclusion, a Silene vulgaris taxon "humilis" (subspecies or variety) should be rejected because it is neither characterised by genetic markers, nor by exclusive morphological features or an exclusive metal-tolerance.
One of the most interesting and best studied plant species of metalliferous sites in Central Europe is the Thrift, Armeria maritima (MILL.) WILLD. s. l. (Plumbaginaceae), which can also be found in some geographical regions on non-metalliferous soils. The A. maritima complex is highly polymorphic and has been subdivided into eight infraspecific taxa (Pinto da Silva, 1972 ) that can be easily characterized geographically and ecologically but are difficult to distinguish morphologically. The non-metalliferous soil taxa of Central Europe are ssp. alpina, which is confined to the subalpine belt of the Alps, ssp. maritima (at all Western European coasts), and ssp. elongata (mainly on sandy soils in sub continental Europe and at the Baltic Sea coasts). Within the Central European range of ssp. elongata we find at least four described taxa of A. maritima which are confined to metalliferous soil sites. The status of these metallicolous taxa has been controversial, and has changed several times (Wallroth, 1842; Schulz, 1912; Christiansen, 1931; Schubert, 1954a; Ernst, 1974; Lefebvre, 1985; Wisskirchen & Haeupler, 1998) because the morphological characters used to discriminate these taxa are not always constant at the level of populations. Local populations may contain plants that can be assigned to distinct infraspecific taxa growing side by side. Studies performed with isozymes (Vekemans & Lefebvre, 1997; Vekemans et al., 1992) and RAPD markers (Baumbach & Hellwig, 2003) revealed that the large morphological variation corresponds to large genetic variation occurring within the A. maritima complex and strong differentiation at the population level.
Furthermore, results of an AFLP study (Baumbach & Hellwig, 2007) give strong evidence that metallicolous populations have been founded from the ancestral non-metallicolous populations repeatedly and independently in different geographical regions. The metallicolous Armeria maritima microendemics "hornburgensis", "bottendorfensis", "eifeliaca", "calaminaria" should not be given formal rank as varieties or subspecies within A. maritima. Also their treatment as varieties of an A. maritima subspecies halleri sensu latu (Wisskirchen & Haeupler, 1998 ) is doubtful because ssp. halleri can not be consistently characterized throughout its geographical range and may be an artefact itself. All investigated metallicolous forms show close relations to Armeria maritima ssp. elongata. If a taxonomical recognition should be considered necessary it is advisable to treat the microendemics as varieties of that subspecies (Baumbach & Hellwig, 2007) .
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Cardaminopsis halleri (L.) HAYEK (Brassicaceae) is a wide-spread pseudo-metallophyte which occurs at metalliferous and non metalliferous sites (meadows, watersides, rocks). The genetic structure of 28 metallicolous and non-metalicolous populations with a total of 625 individuals was studied by Pauwels et al. (2005) using PCR-RFLP on chloroplast DNA (cpDNA). Eleven distinct chlorotypes were found: five were common to non-metallicolous and metallicolous populations, whereas six were only observed in one edaphic type (five in non-metallicolous and one in metallicolous). No difference in chlorotype diversity between edaphic types was detected. Computed on the basis of chlorotype frequencies, the level of population differentiation was high but remained the same when taking into account levels of molecular divergence between chlorotypes. Isolation by distance was largely responsible for population differentiation. As it was the case in Silene vulgaris (Baumbach, 2005) geographically isolated groups of metallicolous populations were more genetically related to their closest non-metallicolous populations than to each other. These results suggest that metallicolous populations have been established separately from distinct non-metallicolous populations without suffering founding events and that the evolution towards increased tolerance observed in the distinct metallicolous population groups occurred independently. The Alpine penny-cress, Thlaspi caerulescens J. PRESL et C. PRESL (Brassicaceae), is a perennial, rosette-forming plant with clusters of white to pink flowers. With occurrences on metalliferous and non-metalliferous soils in Central Europe and on the British Isles the plant is a typical pseudo-metallophyte. The metal-ecotype of T. caerulescens was described as subspecies calaminare (LEJ.) BÄSSLER. Isozyme-analyses (Koch et al., 1998) have indicated, that a taxonomical subdivision of T. caerulescens into a taxon of metalliferous soils (ssp. calaminare) and a taxon of non-metalliferous soils is not possible and, furthermore metal tolerance might have evolved twice in populations from different areas.
The Zinc Violet, Viola calaminaria (GING.) LEJ., is the characteristic plant species of calamine sites in the Aachen-Stolberg-Liege region (the three border region of West-Germany, EastBelgium, and South-Netherlands). The blue flowering Westphalian zinc violet, Viola guestphalica is locally endemic, restricted to the former zinc-lead opencast "Bleikuhle" near Blankenrode (Fig. 3) . Taxonomy and biogeography of both species were controversially discussed in numerous publications (e. g. Schulz, 1912; Heimans, 1961; Ernst, 1974; Nauenburg, 1986 ; and others) within the last decades. A recent study (Hildebrandt et al., 2006 ) has shown close relationship of both taxa and with Viola lutea HUDS. The authors consequently propose the treatment of both taxa as subspecies (ssp. calaminaria (LEJ.) ROTHM. and ssp. westfalica (W. ERNST) J. HEIMANS) of the alpine Mountain pansy, Viola lutea.
Vegetation
The classical syntaxonomical concept
The metallicolous vegetation of Central Europe is characterized by plant communities of the order Violetalia calaminariae Br.-Bl. et Tx. 1943 nom inval. Ernst (1965 Ernst ( , 1974 Ernst ( , 1976 proposed the sub-division of this order into the following three alliances: (Baker et al., 2010) .
Proposed syntaxonomical changes
Despite the fact that this system was accepted for almost four decades, recent publications proposed some new approaches due to new records and a re-visitation of the existing vegetation data. Additionally, some of the taxa whose taxonomical position became uncertain are character species of associations, alliances, order or class (Ernst, 1974; Schubert et al., 2001 ). This also results in a need for new discussion on the exceptional syntaxonomical position of the calaminarian grasslands. Baumbach & Schubert (2008) Further vegetation studies are necessary to illustrate these questions and also the autonomy of the several metallicolous plant associations. Calaminarian grasslands have a specific species composition which is characterized by abundant metal-tolerant taxa, and a lack of non-tolerant grassland species. Their physiognomic structure is shaped by dwarfism and little vegetation cover which allows the growth of a rich flora of mosses and lichens. Naturally, in transition zones between metal-rich and metal-free soils there may occur plant stands that legitimate the assignment to sub-associations of dry grassland communities. A complete negation of discrete communities of metallicolous vegetation was, however, opposed by Baumbach & Schubert (2008) . This is in contrast to Becker et al. (2007) who rejected the Armerietum bottendorfensis. They recognized four communities, in which the metallophytes Armeria maritima (ssp. halleri) and Minuartia verna ssp. hercynica occur in high frequency and classified them as special subassociations (Armerietosum halleri) of four dry grassland associations (Teucrio-Festucetum, Thymo-Festucetum, Filipendulo-Helictotrichetum, Adonido-Brachypodietum).
In the conclusion of a comprehensive study of the metallicolous vegetation of the Western Harz Mountains Dierschke & Becker (2008) recommended the maintenance of an association Armerietum halleri. A synoptic table with inclusion of relevés from the literature in Germany supports the concept of a narrow class Violetea calaminariae with communities poor in species. For the remaining single alliance they propose the name Armerion halleri Ernst 1965 as nomen conservandum.
The alliance of the Galio anisophylli-Minuartion vernae is not acceptable in the eastern Alps by the Austrian authors (see Punz, 1991 Punz, , 1994 . Based on new vegetation records and tables, Punz & Mucina (1997) assigned the metallicolous vegetation associations of the Eastern Alps chiefly to the Thlaspietea rotundifoliae (Englisch et al., 1993) and a small part to the Asplenietea trichomanis .
Current situation of metalliferous sites in Central Europe
The situation in the east Harz foothills -a case study in Central Germany
Introduction
The current situation of metalliferous soil sites will be exemplified here by the eastern und south-eastern Harz foothills region (Saxony-Anhalt, Central Germany). For centuries copper-shale mining was active in the Mansfeld (1200-1969) and the Sangerhausen (1382-1990) mining districts.
The metallicolous vegetation of the copper-shale spoil heaps was intensely studied by Schubert (1953/54) . Most of these heaps are not only characterized by calaminarian grasslands in different successive stages but also by raw soils, xerothermous vegetation and shrubberies, which occur tessellate and often in very small areas. Therefore, and due to their isolated location within intensive used fields these spoil heaps have a high value for the biodiversity of the landscape.
Metallicolous vegetation
The typical calaminarian grassland of the copper-shale spoil heaps is the Armerietum halleri Libb. 1930. As the Armerietum hornburgensis and the Armerietum bottendorfensis it belongs to the alliance of the Armerion halleri Ernst 1965. When compared with the alliance of the western distributed Thlaspion calaminariae Ernst 1965 it is floristically depleted due to the absence of Viola calaminaria and Thlaspi caerulescens. However, it is characterized by a greater number of xerothermous grassland species (compare Schubert, 1953/54; Ernst, 1974; Pardey, 1999a; Dierschke & Becker, 2008 (Huneck, 2006) . The successive stages of the Armerietum halleri at the copper shale spoil heaps (Minuartia-, Silene-, Euphrasia-, Cladonia-, Armeria-, Festuca-and Brachypodium-stage) have been described by Schubert (1953/54) In the eastern parts of the Mansfeld mining region Minuartia verna is replaced by Alyssum montanum which obviously fulfils the same ecological niche (Gerth et al., 2011) .
Secondary sites
The most extensive occurrences of metallicolous vegetation can be found on the small mining spoil-heaps which arose between 1200 and 1815. The real number of spoil heaps located in the open landscape was controversially discussed in the last decades. In a recent project we mapped about 1500 small spoil heaps and estimated the vegetation cover by Colour-Infrared (CIR) aerial photographs analysis (of 2005) and field surveys of randomly selected heaps. Till now we mapped the floristic inventory of 650 spoil-heaps in the field. For the inventory we distinguished between (I) small spoil heaps, which originated between the 13 th century and 1815 (Fig. 4) , and (II) large spoil heaps which originated between 1815 and the end of mining. In contrast to the small spoil heaps the date of origin for the large spoil heaps is exactly known from the mining files. The post-mining landscape consists (state March 2011): in the Mansfeld mining district of 1028 small and 56 large spoil heaps (of which 8 and 12 are slag heaps, respectively), and in the Sangerhausen mining district of 416 small and 9 large spoil heaps (of which 3 and 1 are slag heaps, respectively). Thereby it has to be considered that 60-70 % of the small spoil heaps in the Mansfeld mining district were already destroyed by land burial between 1850 and 1910 (Oertel, 2002) . Due to the large amount of metalliferous sites originating in the former copper-mining activities the federal state of Saxony-Anhalt has a particular responsibility towards the preservation of the habitat type 6130. Therefore, three Natura 2000 sites with the habitat type 6130 as the main conservation objective, located in the postmining landscape of the old mines, have been designated (Tab. 3). The total size of these sites is about 687 ha. From this area 137 hectares (19.9 %) are copper-shale spoil heaps with only 21.8 hectares (3.2 %) of calaminarian grassland. Unfortunately, a comprehensive conservation strategy for these sites is not available to date.
At numerous small spoil heaps the ongoing succession lead to an extensive displacement of the calaminarian grasslands by shrubberies. A total disappearance of the metallicolous vegetation has to be expected on most of the spoil heaps over the long term. The assumption, that metalliferous sites are naturally free of woods (Schubert, 1953/54; Ernst 1974 ) applies only in early successive stages. In the Sangerhausen mining district more than 75 % of the small spoil heaps are scrubby to more than 80 % (Tab. 2). Only 4 % can still considered as open (scrub encroachment <10 %). Table 2 . Scrub encroachment of the spoil heaps in the Mansfeld and Sangerhausen copper shale mining districts. N: total number of spoil heaps. Scrub encroachment classes: 0: 0 %, 1: 1<10 %, 2: 11-20 %, 3: 21-40 %, 4: 41-60 %, 5: 61-80 %, 6: 81-100 %, 7: 100 %.
Number of mapped spoil heaps (N=561)
Assuming, that the large number of sites alone is adequate for the protection of metallicolous vegetation, the need for any restoration measurements was neglected until recently (Baumbach & Schubert, 2008) . A rethinking of this position took place with the results of an inventory that showed the high degree of scrub encroachment on many spoil heaps. Consequently, a priority list with 50 spoil-heaps which primarily need biotope management was compiled by the nature conservation authority in 2009. The first of the proposed measures (removal of shrubs, cutting of trees and removal of top soil humus layer) were realized in autumn 2010 and spring 2011. As these actions were recent, an evaluation of the project's success is still pending.
Despite natural succession the current main reasons of the decline of metalliferous habitats are conflicts between intensive agriculture (input of fertilizers and herbicides from the surrounding fields, plough up heap margins), removal of material for road construction, motocross and quad activities by juveniles (which is in particular critically for the slow growing cryptogams), and deposition of domestic waste and rubble (especially in the surroundings of villages). Furthermore, the construction of new roads and the extension of housing development led to the loss of numerous spoil heaps within the last 20 years. A serious problem may arise from increasing metal prices which make the metalliferous spoil heaps attractive for extracting their remnant metal contents. 
Primary sites
Within the Mansfeld mining district there are at least three primary metalliferous soil sites which have not been disturbed by mining activities in the past. One of them is the locus classicus of Armeria maritima ssp. hornburgensis at the Galgenberg Hill near the village of Hornburg. This Natura 2000 site ) has a total area of 2 hectares from which only 170 m 2 are metallicolous vegetation. Interestingly Minuartia verna does not occur there. At the beginning of the 1960s numerous Black pines (Pinus nigra) were planted at the hill. Until the end of the 1990s they caused a decline of the site to 10 % of its former size. The population size of Armeria m. ssp. hornburgensis decreased from still 200 individuals in 1965 to only 100 in 1999 (Baumbach & Volkmann, 2002) . In 2001 31 Black pines were completely removed. This and a partial mowing with subsequent removal of the biomass led to a stabilization and extension of the population to 383 in 2006 (Baumbach & Volkmann, 2006) . Nevertheless, the situation is furthermore critical due to the tiny area of the site.
Another recently discovered site is located near Mansfeld at the castle mountain. Only a few square metres Minuartia verna and Armeria maritima grow on solid Rotliegend substrate without a fine soil layer. A detailed study of the vegetation and an analysis of the substrate are still pending.
www.intechopen.com A third site, located in the east of the village of Blankenheim, was accidentally discovered in 1999 (Fig. 5) . The site is subdivided into 5 subareas with a size of only some square metres each (Tab. 4). The soil layer is only 25 cm thick and covers an outcrop of metalliferous sandore. Obviously this site was never disturbed by mining activities because sand-ores were not suitable for smelting. Furthermore, this site is located outside the former active mining area. To date this very small site has no conservational state. It is critically endangered by shading and litter input from the surrounding grassland (Arrhenatheretum) and by accidental destruction. The genotypes of the Minuartia verna-population growing at this site have both characters of the alpine populations and characters of the spoil heap populations (Baumbach, 2005) . This indicates that the M. verna-population has survived on this site since the last ice age and is therefore a real paleo-endemic.
Tertiary sites
The sole tertiary metalliferous soil site of the region is located at the former vineyard in Hettstedt-Burgörner . It originated from decades of emissions from downwind located copper, lead, and zinc smelter Kupferkammerhütte (1493 Kupferkammerhütte ( -1990 . The first damages to the vegetation resulting from smelter emissions were reported by Freytag (1870) . The current vegetation at the vineyard is not only due to metal contamination but also to sulphur dioxide emissions from the former Kupferkammerhütte smelter located in the north and northwest, the smelter Kupfer-Silber-Hütte located in the southwest, and the rolling mill located in the west. The total area influenced by the emissions of the smelters covers approximately 11 hectares. On the most impacted western slope of the vineyard the top soil is covered by a layer of dust up to 25 cm with high amounts of metals and semi-metals.
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Regarding the results of the sequential extraction, the soil and the climate conditions in the region, the danger of medium-term mobilisation of metals via water or air seems to be low. The vineyard is the largest known site with metalliferous vegetation in Central Germany. Therefore, proposed to protect it to allow long-term observations of the regeneration processes in biocenoses at metal-contaminated sites.
The situation in other regions
Germany
In total, Germany has 36 Natura 2000 sites where the habitat type 6130 occurs. In 21 of them this habitat type is the main reason for site protection. The protection by the European Habitats Directive and the establishment of the Natura 2000 network lead to conservation efforts in several regions.
The only metalliferous site in Thuringia is located at Bottendorf Hill in the lower Unstrut valley (Schubert, 1954b; Becker et al., 2007) . It is the type-locality of Armeria bottendorfensis and probably the largest primary site in Germany. The primary site on the southern slope and some small copper-shale spoil heaps on top of the hill are part of the Natura 2000 site Dierschke & Becker (2008) . Although their focus is on subdivision, environmental conditions and a syntaxonomical classification of the Armerietum halleri they also highlight conservational aspects. A comparison of the current number of metalliferous sites with a 1928 Bode list shows a large decline of sites due to human destruction and natural succession. The reasons for declining of (most small area) metalliferous sites and their vegetation are mainly: destruction by building development, flooding by dams, coverage, removal of slag for re-smelting or for road construction, afforestation, use as storage areas for timber or rock waste, motocross activities, trespass and camping, disturbances by mineral collectors (in particular critical for cryptogams), shading and input of litter by surrounding trees (Dierschke & Becker, 2008) . There are no (at least no published) experiences with management and restoration of metalliferous soil sites in the Harz Mountains. Remarkably, the largest stands of the Armerietum cladonietosum in the Westharz Mountains can be found in a fenced, undisturbed area in the Oker River valley (Dierschke & Becker, 2008) .
More than ten years ago, North Rhine-Westphalia was the first federal state with its own conservation strategy for metalliferous soil sites (Pardey, 1999b) . Fortunately, this conservation strategy is not restricted to metallicolous flora and vegetation but also encompasses the fauna of these sites and plans for habitat connectivity in several core areas.
To date there are 15 Natura-2000 sites in North Rhine-Westphalia where the habitat type 6130 occurs. In 11 of them it is the main objective for site protection.
First experiments with the restoration of metalliferous sites were made at the end of the 1990s in the Stolberg region. Preliminary results (2003) and a final evaluation (2008) were published by Raskin. Test sites were metalliferous sites with dominating Pine stands and only insular remnants of metallicolous vegetation. Primarily all trees and shrubs were felled and the remnant timber was burned on site in the winter. The next measure was the removal of top soil in strips using muzzle loaders. All organic material (vegetation, humus, litter) was removed from the restoration sites. In the first year six of the seven character species of the calaminarian grasslands colonized on the new raw soil sites. This pioneer vegetation was dominated by Silene vulgaris with scattered occurrence of Minuartia verna. Only after the 5 th year did appear also Armeria maritima.
Although the Erzgebirge Mountains (Saxony) were one of the most important ore mining areas in Europe there is meagre knowledge of metallicolous vegetation. Consequentially the first paper on this topic was entitled "Metallicolous vegetation -a so far overlooked habitat type in Saxony" (Golde, 2001 ). The sites with metallicolous vegetation are fragmented and restricted to the Freiberg region. At these metalliferous sites Minuartia verna is totally absent and Armeria maritima has only a very small occurrence (Golde, 2001) . If metallicolous ecotypes of Silene vulgaris und Thlaspi caerulesens loose their taxonomical rank the definition of the habitat type 6130 is no longer possible by characteristic angiosperm taxa but only by metallicolous cryptogam communities (mainly the Acorosporetum sinopicae). Two Natura 2000 sites where the habitat type 6130 occurs have been designated. In one of them it is the main objective for conservation (DE4945-303).
Belgium, Netherlands, and Poland
In eastern Belgium most of the 35 metalliferous sites are located in the former mining district of the Vielle Montaigne (Plombieres, Kelmis) close to the German mining district of Aachen-Stolberg and the Liege region (Graitson et al., 2003) . In total 76 hectares of the habitat type 6130 are located in Natura 2000 sites.
The only metalliferous site of the Netherlands is that of the tertiary type. It is located in the Geul River floodplains near Epen and has an area of about 0.5 ha. Van der Ent (2007) estimates that in 1925 more than 10 km of the flood plains were dominated by metallicolous vegetation (see also Heimans, 1936) . Till now over 99 % has diminished due to a decreased zinc load and increased eutrophication. In 2007/08 first restoration experiments in the field (bulldozing and small scale topsoil removal) were performed.
In Poland metallicolous vegetation of the Armerietum halleri is developed at several spoil heaps in the Olkusz region (Upper Silesia). Two of these sites with a size of 7.4 and 4.9 hectares are Natura 2000 sites (PLH120091, PLH120092). Unfortunately, there is no more (published) information available.
Conclusion
The review of new findings outlined in the first part of this paper shows the necessity for a taxonomic re-evaluation of several taxa. So far some of them have been used exclusively for the definition of the conservational value of metalliferous sites by the official nature conservation praxis. In consequence, such a re-evaluation may cause considerable formal problems as the Saxon example shows. One danger of taxonomic changes is the argumentation that with a loss of a certain taxonomic rank of the character species also the conservational value of the metalliferous sites becomes obsolete. Therefore I would like to underline that metalliferous sites and their vegetation deserve protection independent from the taxonomic rank of their character species or the syntaxonomy of their plant communities.
It is beyond a doubt that the particular abiotic factors (metal content, drought, nutrient deficiency) and the isolated geographic occurrence of metalliferous sites facilitate the evolution of special adapted and genetically differentiated plant populations. This genetic differentiation is an ongoing process that can lead to the evolution of neo-endemic species.
We are still at the beginning of Silene vulgaris, advanced in Armeria maritima (centuries to millennia), and very advanced in Minuartia verna (since the end of the last ice age). Despite any conventional taxonomical rank these taxa deserve protection due to their unique gene pool and their evolutionary potential. Furthermore, they represent a genetic reservoir which could have prospective importance for the colonization and remediation of polluted anthropogenic sites (Whiting et al., 2004) .
Apart from flowering plants which have for a long time been in scientific focus, adapted and genetically differentiated populations have to also be expected in lichens, fungi, bacteria and the soil fauna. Knowledge on biodiversity of metallicolous biocenoses is still insufficient and needs further scientific work. Based on this a comprehensive ecological and conservation biological evaluation should be carried out. Furthermore I propose to protect metalliferous sites as "evolutionary playgrounds", independent of the actual occurrence of rare or legally www.intechopen.com protected species. This is of course only feasible if there is no danger for human health and the natural environment through causes by the respective sites.
Whereas most of the secondary sites have been well investigated, the importance of primary metalliferous soil sites (for example as source of the palaeo-endemic metallophyte taxa) was underestimated for a long time and the knowledge of these sites is still poor. To date we only know of a few undisturbed, small sized metal outcrops with metallicolous vegetation in the Central European lowland. Most of them are critically endangered. The knowledge of these sites and their management requires further research.
To provide an efficient long-term protection of metalliferous sites and their biocenoses in Central Europe conservation strategies should be implemented both at a regional and a supra-regional scale. A supraregional conservation strategy should develop with participation of all Central European Countries (Germany, Belgium, Poland, Netherlands) and their federal states where metalliferous soil sites occur, respectively. Regional conservation strategies (e. g. Germany: Saxony-Anhalt, Lower Saxony, Thuringia) should consider the specific characteristics of the several regions. Model should be the "Conservation strategy for calaminarian sites in North Rhine-Westphalia" (Pardey , 1999b ).
These conservation strategies should account the following main aspects: protection of the remnant metalliferous sites with special regard to the primary ones, population biology of the character species (minimum area, minimum viable population, maximum distance of populations within a given region to still enable gene flow between them), long-term biomonitoring of representative habitats, information and awareness raising of the community (Haese, 1999) , preservation of historic mine buildings and monuments (Wagenbreth, 1973; Philipp, 2000) , and an integration of the post-mining landscape in tourist concepts (Slotta, 2003) . A good example for such a comprehensive strategy is "the lead legacy" for the Peak District's lead mining heritage (Barnatt & Penny, 2004) .
Science still lacks coherent insight into the exact measures for restoration of metallophyte communities. At present it is quite impossible to predict the long-term influence of climate change and the still-rising atmospheric nitrogen deposition on diversity of the biocenoses on metalliferous sites which are limited in water and nutrients.
Research into the geographic distribution, ecological amplitude and niche differentiation of metallophytes, and the impact of ecological management and habitat alteration on metallophyte vegetation, is necessary to facilitate conservation and to develop and manage sites in the future. A successful realization of these points needs an intensive interdisciplinary knowledge-sharing between science and site management. This is realized for example in the "European Heavy Metal Ecology Network" (EHMEN: www.postmining-ecosystems.org) which is made up of a large group of professionals from science, management and governments across Europe or the "Arbeitsgemeinschaft Bergbaufolgelandschaften e. V." (Working group post-mining landscapes: www.bbfl.de).
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